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Physical Activity Among Children Attending Preschools
Russell R. Pate, PhD*; Karin A. Pfeiffer, PhD*; Stewart G. Trost, PhD‡; Paula Ziegler, PhD, RD§; and
Marsha Dowda, DrPH*
ABSTRACT. Objectives. Obesity rates are increasing
among children of all ages, and reduced physical activity
is a likely contributor to this trend. Little is known about
the physical activity behavior of preschool-aged children
or about the influence of preschool attendance on phys-
ical activity. The purpose of this study was to describe
the physical activity levels of children while they attend
preschools, to identify the demographic factors that
might be associated with physical activity among those
children, and to determine the extent to which children’s
physical activity varies among preschools.
Methods. A total of 281 children from 9 preschools
wore an Actigraph (Fort Walton Beach, FL) accelerometer
for an average of 4.4 hours per day for an average of 6.6
days. Each child’s height and weight were measured, and
parents of participating children provided demographic
and education data.
Results. The preschool that a child attended was a
significant predictor of vigorous physical activity (VPA)
and moderate-to-vigorous physical activity (MVPA).
Boys participated in significantly more MVPA and VPA
than did girls, and black children participated in more
VPA than did white children. Age was not a significant
predictor of MVPA or VPA.
Conclusions. Children’s physical activity levels were
highly variable among preschools, which suggests that
preschool policies and practices have an important influ-
ence on the overall activity levels of the children the
preschools serve. Pediatrics 2004;114:1258–1263; children,
preschool, child day care centers, physical activity, accel-
erometer.
ABBREVIATIONS. BMI, body mass index; MVPA, moderate-to-
vigorous physical activity; VPA, vigorous physical activity; MET,
metabolic equivalent.
Childhood obesity rates in the United Stateshave skyrocketed in recent decades.1,2 Thistrend is evident among preschool-aged chil-
dren as well as among older children and adoles-
cents.2–4 The prevalence of overweight among 4- and
5-year-old children increased from 5.8% in 1971–1974
to 10% in 1988–1994.3 Among all preschool-aged
children (ages 2–5), 10.1% are overweight and an
additional 10.7% are at risk for becoming over-
weight.4 Obesity is associated with adverse health
outcomes among both children and adults,5–7 and
overweight status tends to track from childhood into
adulthood.8 Because treatment of obesity is unsuc-
cessful frequently, primary prevention of obesity has
become an important public health priority.9 Many
experts have recommended that public health initia-
tives to prevent obesity should begin with our
youngest children.9
It seems certain that decreased physical activity is
contributing to the increase in childhood overweight
and obesity.9,10 Public health authorities have issued
recommendations for promotion of physical activity
among children and adolescents,11 and the National
Association for Sport and Physical Education re-
cently released physical activity guidelines for young
children attending preschools.12 Although 56% of
3- to 5-year-old children in the United States attend
preschools,13 the scientific literature includes few
studies of physical activity levels among preschool-
aged children, and very little is known about the
activity levels of children while they attend pre-
schools.
If policies are to be designed and disseminated for
the purpose of increasing physical activity among
preschool-aged children, then those policies should
be developed on the basis of careful studies of the
physical activity levels of children in that age range.
Specifically, it seems important that data be available
to document the activity levels of children while they
attend preschools, because public health policies
could target the practices of those schools. In that
context, it is also important to know the extent to
which children’s activity levels vary among pre-
schools. Therefore, the purposes of this study were 1)
to describe the physical activity levels of children
attending preschools, 2) to identify the demographic
factors that might be associated with physical activ-
ity among those children, and 3) to determine the
extent to which children’s physical activity varies
among preschools.
METHODS
Sample
Subjects for this study were recruited from 9 preschools in the
Columbia, South Carolina, metropolitan area. Before selection, all
preschools with an enrollment of60 children were identified and
classified as privately operated (private), church-based (church),
or predominantly government-funded (Head Start). From each of
these 3 groups, 3 preschools were randomly selected. If a pre-
school refused to participate or could not provide a sufficient
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number of participants, then a replacement preschool was ran-
domly selected from the appropriate group.
Parents of all 3-, 4-, and 5-year-old children who attended the 9
preschools were invited to enroll their children in the study. Our
goal was to recruit 30 children from each school. This goal was
attained for 7 of the preschools, and the number of volunteers
ranged from 22 to 30 (mean  SD: 27.4  3.1). This represented
recruitment rates of 28%, 44%, and 45% of all children enrolled in
the private, church, and Head Start preschools, respectively. All
children whose parents provided informed consent (N  281)
participated in the study. After deletions for missing data on
physical activity (n  16), race/ethnicity (n  13), and parent
education (n  5), the sample size was reduced to 247 child
participants (132 girls and 115 boys). Fifty-three percent of the
children in the study were female and 65% were black. The mean
body mass index (BMI) was 16.1 (SD: 1.8). Additional descriptive
statistics for the sample are presented in Table 1. Before partici-
pation in the study, written informed consent was obtained from
each child’s parent or guardian. The study was approved by the
University of South Carolina Institutional Review Board.
Assessment of Physical Activity
Physical activity was quantified with the Actigraph (Fort Wal-
ton Beach, FL) uniaxial accelerometer (formerly known as the
Computer Science and Applications 7164). Accelerometry has
been shown to provide valid assessments of physical activity
among preschool-aged children.14–16 After arrival at the preschool,
participants were outfitted with a single Actigraph activity mon-
itor. Monitors were attached to adjustable elastic belts and worn
over the right hip. Because the 1-minute sampling interval typi-
cally used for accelerometry may mask the short intermittent
bursts of activity characteristic of young children, a 15-second
sampling interval was used. The number of days and the length of
time per day that children wore the accelerometer varied accord-
ing to the amount of time spent by the child at the preschool and
the child’s receptivity to wearing the monitor, which was very
high for virtually all of the children. The number of monitoring
days ranged from 1 to 11 days (mean  SD: 6.6  2.3 days); the
monitoring time for each day ranged from 0.4 to 7.8 hours (mean
 SD: 4.4  1.3 hours). Only participants who wore the acceler-
ometer for1 hour on3 days were included in the analyses. The
amount of monitoring did not differ significantly according to
gender, age, parent education, or type of preschool; however,
black children were monitored on significantly more days than
white children (Table 1). Differences were also seen for mean
hours per day of monitoring according to parent education level
and type of preschool.
Data Reduction
Activity counts for each 15-second interval were uploaded to a
Visual Basic data reduction program to determine total counts per
hour of monitoring, number of intervals of light physical activity
per hour, number of intervals of moderate-to-vigorous physical
activity (MVPA) per hour, and number of intervals of vigorous
physical activity (VPA) per hour. Age-specific count cutoffs cor-
responding to sedentary activity (1.4 metabolic equivalents
[METs]), light physical activity (1.5–2.9 METs), moderate physical
activity (3–5.9 METs), MVPA (3 METs), and VPA (6 METs)
were derived from the MET prediction equation developed by
Sirard et al,16 ie, METs 1.43 0.00399(counts) 0.14882(age) (r2
 0.79). For an independent sample of 23 children 3 to 5 years of
age, the correlations between intensity of physical activity ob-
served with the Children’s Activity Rating Scale17 and the number
of VPA and MVPA counts per hour were 0.67 and 0.52, respec-
tively (P  .05). Mean sedentary activity, light physical activity,
MVPA, and VPA minutes per hour are reported for each demo-
graphic category and preschool in Table 2.
Child Weight Status
Height and weight assessments were conducted in a private
setting, with the children dressed in light clothing. Height was
measured to the nearest 1.0 cm with a portable stadiometer.
Weight was measured to the nearest 0.1 kg with high-precision
electronic scales (Seca Corp, Birmingham, United Kingdom). BMI
was calculated as body mass (in kilograms) divided by height (in
meters) squared. Parents completed a brief questionnaire that
assessed sociodemographic information.
Statistical Analyses
All statistical analyses were performed with SAS software (ver-
sion 8.2; SAS Institute, Cary, NC). Differences in the physical
activity variables among gender, age, race, and parent education
groups were tested with one-way analysis of variance. To control
for any clustering of physical activity within preschools, all anal-
yses of variance were performed with PROC MIXED,18 with pre-
school included as a random effect. To delineate the contribution
of preschool to the prediction of physical activity behavior, 2
multiple linear regression models were constructed. The first re-
gression model included age, gender (male  1, female  0), race
(1  black, 0  white), BMI, and parent education as independent
variables. The second regression model contained the same inde-
pendent variables as the first model but also included a block of 8
dummy variables representing the effect of each preschool. The
TABLE 1. Characteristics of Preschool-Aged Children Participating in the Study and Days and Hours of Accelerometry Data
Characteristics No. Percent Days, Mean (SD) Hours per Day, Mean (SD)
Total sample 247 6.9 (1.8) 4.6 (1.3)
Gender
Male 115 46.6 6.9 (1.7) 4.5 (1.3)
Female 132 53.4 6.9 (1.8) 4.7 (1.3)
P  .96 P  .19
Age
3 y 65 26.3 6.8 (1.7) 4.7 (1.3)
4 y 113 45.7 7.1 (1.8) 4.6 (1.3)
5 y 69 27.9 6.7 (1.7) 4.5 (1.3)
P  .27 P  .74
Race
Black 161 65.2 7.2 (1.8) 4.6 (1.4)
White 86 34.8 6.3 (1.6) 4.8 (1.1)
P  .001 P  .17
Parent education
High school 63 25.5 7.3 (1.5) 4.0 (1.2)
Technical school/college 144 58.3 6.8 (1.8) 4.9 (1.2)
Graduate school 40 16.2 6.7 (1.9) 4.8 (1.3)
P  .17 P  .001
Type of preschool
Church 90 36.4 6.9 (2.1) 5.6 (0.7)
Private 81 32.8 7.2 (1.6) 5.0 (1.1)
Head Start 76 30.8 6.6 (1.5) 3.2 (0.4)
P  .11 P  .001
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2-step regression analysis was performed for both MVPA and
VPA. Statistical significance was set at an  level of .05.
RESULTS
Means and SEs for time spent in sedentary activity,
light physical activity, MVPA, and VPA are shown in
Table 3. Boys exhibited significantly greater partici-
pation in MVPA and VPA than did girls. No signif-
icant gender differences were observed for time
spent in sedentary and light activity. Compared with
3-year-olds, 4- and 5-year-olds exhibited signifi-
cantly more sedentary intervals and significantly
fewer light activity intervals. No age-related differ-
ences were observed for MVPA or VPA. Black chil-
dren tended to be more physically active than white
children; however, only the difference for VPA
reached statistical significance. No differences in ac-
tivity levels were observed among parent education
groups.
The results of the regression analyses are shown in
Table 4. For MVPA, model 1, including gender, age,
race/ethnicity, BMI, and parent education, ac-
counted for 4.3% of the variance in physical activity.
The addition of the preschool in model 2 dramati-
cally improved the prediction of MVPA, accounting
for an additional 43.3% of the variance. In model 1,
only gender and parent education emerged as signif-
TABLE 2. Physical Activity Variables Among Preschool-Aged Children Categorized According to Gender, Age, Race, Parent
Education, and Preschool
No. Physical Activity, min/h
Sedentary Light Activity MVPA VPA
Total sample 247 42.1 (5.8) 10.5 (3.2) 7.7 (3.1) 1.9 (1.1)
Gender
Male 115 41.7 (5.5) 10.4 (2.9) 7.8 (3.1) 2.1 (1.1)
Female 132 42.5 (6.1) 10.6 (3.5) 6.9 (3.0) 1.7 (1.1)
Age
3 y 65 39.6 (6.1) 12.4 (3.5) 8.0 (3.2) 1.9 (1.1)
4 y 113 42.6 (5.5) 10.2 (2.8) 7.2 (3.2) 1.9 (1.1)
5 y 69 43.7 (5.3) 9.3 (2.8) 7.0 (2.8) 1.9 (1.1)
Race
Black 161 42.3 (6.0) 10.4 (3.3) 7.3 (3.1) 1.9 (1.2)
White 86 41.9 (5.6) 10.7 (3.0) 7.4 (3.1) 1.8 (1.0)
Parent education
High school 63 39.9 (6.0) 11.5 (3.3) 8.6 (3.1) 2.4 (1.3)
Technical school/college 144 43.0 (5.5) 10.2 (3.1) 6.8 (2.9) 1.7 (1.0)
Graduate school 40 42.5 (6.0) 10.3 (3.1) 7.3 (3.3) 1.9 (1.1)
Preschool
1 30 46.2 (4.2) 8.8 (2.7) 5.0 (1.8) 1.2 (0.6)
2 26 36.3 (3.9) 14.1 (2.4) 9.5 (2.2) 2.3 (0.9)
3 29 45.1 (4.2) 9.0 (2.4) 5.9 (2.1) 1.6 (0.7)
4 26 39.0 (4.7) 12.4 (2.6) 8.6 (2.6) 1.9 (0.8)
5 29 37.9 (3.6) 11.9 (1.9) 10.2 (2.5) 3.4 (1.4)
6 29 48.9 (1.9) 6.7 (1.4) 4.4 (1.2) 1.2 (0.7)
7 22 44.3 (4.5) 9.9 (2.4) 5.8 (2.3) 1.4 (0.7)
8 31 38.1 (4.3) 12.2 (2.5) 9.7 (2.9) 2.2 (0.9)
9 25 43.4 (5.1) 9.7 (2.8) 6.8 (2.7) 1.9 (1.2)
Values are mean (SD).
TABLE 3. One-Way, Mixed-Model Analysis of Variance for Physical Activity Variables Among Preschool-Aged Children (N  247),
Controlling for Preschool
Characteristic No. Physical Activity, min/h
Sedentary Light MVPA VPA
Gender
Male 115 41.9 (1.5) (P  .43) 10.3 (0.8) (P  .24) 7.8 (0.7) (P  .01)* 2.1 (0.2) (P  .001)*
Female 132 42.3 (1.5) 10.7 (0.8) 7.0 (0.7) 1.7 (0.2)
Age
3 y 65 40.1 (1.5) (P  .001)† 12.2 (0.8) (P  .001)‡ 7.7 (0.8) (P  .23) 1.9 (0.3) (P  .18)
4 y 113 42.6 (1.5) 10.3 (0.7) 7.1 (0.7) 1.8 (0.2)
5 y 69 43.1 (1.4) 9.5 (0.8) 7.4 (0.8) 2.1 (0.3)
Race
Black 161 41.7 (1.5) (P  .27) 10.6 (0.8) (P  .93) 7.6 (0.8) (P  .06) 2.0 (0.2) (P  .04)§
White 86 42.7 (1.6) 10.5 (0.8) 6.8 (0.8) 1.7 (0.3)
Parent education
High school 63 41.3 (1.5) (P  .32) 10.7 (0.8) (P  .77) 7.9 (0.8) (P  .10) 2.1 (0.2) (P  .17)
Technical school/college 144 42.3 (1.5) 10.5 (0.8) 7.2 (0.7) 1.8 (0.2)
Graduate school 40 42.7 (1.6) 10.3 (0.8) 7.0 (0.8) 1.9 (0.2)
Values are mean (SE).
* Male  female.
† Means differ except for 4- and 5-year-old children.
‡ All means differ.
§ Black  white.
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icant predictors of MVPA. In model 2, gender, race/
ethnicity, and preschool were significant predictors
of MVPA.
For VPA, model 1, including gender, age, race/
ethnicity, BMI, and parent education, accounted for
7.4% of the variance. The addition of the preschool in
model 2 markedly improved the prediction of VPA,
accounting for an additional 30.9% of the variance. In
model 1, gender, BMI, and parent education
emerged as significant predictors of VPA. In model
2, gender, race/ethnicity, BMI, and preschool were
significant predictors.
DISCUSSION
A key finding of this study was that the preschool
attended accounted for a substantial fraction of vari-
ance in child physical activity. This was true for both
MVPA and VPA. Demographic factors such as gen-
der and race were significantly associated with child
physical activity, but the fractions of variance ac-
counted for by these variables were small, compared
with the fraction accounted for by the preschool.
Mean minutes of MVPA, as measured objectively
with accelerometry, varied from 4.4 to 10.2 minutes/
hour among the 9 preschools included in this study.
These findings indicate that physical activity levels
of children attending preschools vary greatly among
schools and, importantly, the characteristics of the
school have a much greater influence on a child’s
activity level while in the school than do the child’s
personal demographic characteristics. These find-
ings, which are consistent with those of Finn et al,19
are important because they suggest that school pol-
icies and practices directed toward providing pre-
school-aged children with physical activity have the
potential to influence greatly the overall physical
activity levels of young children in the United States,
56% of whom attend formal preschools.13
Recently released guidelines suggested that pre-
school-aged children should accumulate at least 120
minutes of physical activity per day, one-half of that
time in structured physical activity and the remain-
der in unstructured, free-play settings.12 The results
of this study suggest that many preschool-aged chil-
dren do not meet that standard. On average, the
children in this study engaged in 7.7 minutes of
MVPA per hour of preschool attendance (13% of
observed time). Therefore, a child who attends a
preschool for 8 hours would engage in 1 hour of
MVPA. It seems unlikely that such a child would
ordinarily engage in another 1 hour of physical ac-
tivity outside the preschool setting. A factor that
probably exerts a strong influence on physical activ-
ity in preschools is the time that children are allowed
to play freely in settings that are conducive to phys-
ical activity, such as outdoor playgrounds or gym-
nasia. Previous studies with direct observational sys-
tems found that children engage in MVPA for 40%
of the time they spend in outdoor recess,20 a much
larger proportion of time than the 13% observed for
the entire school day in this study. Clearly, one po-
tentially effective strategy for providing children
with adequate physical activity is to provide them
with appropriate amounts of time in recess and other
free-play settings.
During the course of the preschool day, boys par-
ticipated in significantly greater amounts of MVPA
and VPA than did girls, similar to findings of other
studies.19,21–23 Currently, there is no definitive expla-
nation regarding why girls participate in less physi-
cal activity than boys. The results of extensive meta-
analyses suggest that sociocultural factors and not
biological differences are primarily responsible for
the gender gap in activity.24,25 It is possible that
gender differences in playing styles may account for
girls’ lesser participation in physical activity. Obser-
vational studies of preschool-aged children have
consistently demonstrated that boys play in larger
groups and in more open settings, engage in more
risk-taking behavior, and play rougher games in-
volving greater amounts of body contact than do
girls.26–28 Alternatively, girls may receive less en-
couragement from teachers and peers to engage in
MVPA and VPA during the preschool day. How-
ever, previous studies examining physical activity
behavior among preschool-aged children found no
TABLE 4. Results of Regression Analysis for Prediction of MVPA and VPA Among Preschool-Aged Children
Independent Variables MVPA VPA
Standardized  r2 F P Standardized  r2 F P
Model 1
Intercept 0 36.54 .001 0 27.92 .001
Parent education .14 0.023 4.86 .029 .17 0.034 7.26 .008
Gender (0  female, 1  male) .13 0.019 4.32 .039 .14 0.021 5.30 .022
Age .10 0.013 2.32 .129 .05 0.003 0.72 .398
BMI .08 0.006 1.41 .236 .19 0.035 8.47 .004
Race (0  white, 1  black) .03 0.001 2.29 .616 .04 0.001 0.32 .572
Total model 0.043 3.20 .008 0.074 4.95 .001
Model 2
Intercept 0 19.17 .001 0 10.27 .002
Parent education .10 0.005 2.90 .090 .09 0.005 2.00 .159
Gender (0  female, 1  male) .02 0.017 5.76 .017 .15 0.039 8.10 .005
Age .04 0.002 0.73 .394 .08 0.006 2.32 .129
BMI .03 0.001 1.49 .585 .11 0.012 4.50 .035
Race (0  white, 1  black) .15 0.006 4.40 .037 .17 0.009 4.89 .028
Preschool .11 to .50 0.473* 25.89 .001 .10 to .49 0.344* 16.04 .001
Total model 0.476 18.18 .001 0.383 12.73 .001
* Sum of all preschools.
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significant gender differences in prompts to be ac-
tive.20,22 Whatever the underlying explanation for
the observed gender difference, our observation that
3- to 5-year-old girls participated in significantly less
physical activity than did boys while attending pre-
school strongly supports the recommendation that
efforts to promote physical activity among girls
should begin early in life.12,29 Additional studies are
needed to identify the psychosocial and environmen-
tal factors that contribute to the gender difference in
physical activity in the preschool setting.
Population surveys and descriptive epidemiologic
studies have consistently observed children and ad-
olescents from ethnic minorities to be less active than
their white counterparts.30,31 Few studies, however,
have investigated the influence of race/ethnicity on
physical activity behavior among preschool-aged
children. In the study by McKenzie et al,22 Mexican
American children were significantly less active and
expended less energy than did their white counter-
parts in both settings (free play at home and during
outdoor recess). Importantly, when home and recess
activity levels were reexamined 2 years later in ele-
mentary school, Mexican American children contin-
ued to be less active than white children, which
prompted the authors to suggest that racial/ethnic
differences in physical activity might have their ori-
gins in early childhood.20 In contrast to those find-
ings, Baranowski et al23 observed no significant dif-
ferences in physical activity among white, black, and
Mexican American children. In the present study, we
compared the physical activity levels of white and
black children during the preschool day. After con-
trolling for the influence of preschool setting and
other demographic variables, black children were
found to be significantly more active than white
children during the preschool day. This finding not
only is in conflict with the results of previous pre-
school studies22,23 but also is inconsistent with the
results of previous investigations in which black el-
ementary school children were found to be less ac-
tive than their white counterparts.32–34 Although the
public health importance of our findings hinges on
successful replication with larger, more representa-
tive samples of preschool-aged children, our obser-
vation of a significant racial/ethnic difference in
physical activity during the preschool day raises sev-
eral important questions for future research, includ-
ing the following. Do racial/ethnic differences in
physical activity levels during the preschool day gen-
eralize to other behavioral settings (eg, home)? What
are the psychosocial and environmental factors that
explain racial/ethnic differences in physical activity
levels during the preschool day? What is the influ-
ence of race/ethnicity on the trajectory of physical
activity behavior during the transition from pre-
school to elementary school?
The findings of this study suggest that physicians
and other health care providers can help address the
obesity epidemic by influencing the physical activity
policies and practices of the preschools in their com-
munities. Also, physicians who serve on licensing
boards for preschools and those who serve as advi-
sors to preschools in their communities can raise the
issue of physical activity as a child health issue that
preschools should address. In addition, health care
providers can advise parents to consider physical
activity services when they select a preschool for
their child.
This study had limitations that should be noted.
First, data were collected only during the preschool
day; therefore, conclusions cannot be drawn regard-
ing the impact of activity in the preschool on the
overall physical activity of children. Second, the gen-
eralizability of the findings might be limited by the
fact that all of the participating preschools were lo-
cated in 1 metropolitan area. Also, data collection
times were not uniform among demographic groups
and types of schools. Black children were monitored
for more days than were white children, and chil-
dren attending Head Start preschools were moni-
tored for fewer hours per day than were children
attending other preschools. Although this factor
might have influenced the findings, post hoc analy-
ses indicated that the major conclusions of the study
were not confounded by asymmetry in observation
times among demographic and school groups. The
asymmetry in observation times was associated with
the inclusion of Head Start preschools, which in
South Carolina enroll a disproportionately high per-
centage of black children and which operate for only
6 hours per day. We replicated our core analyses
after deleting data collected in Head Start preschools,
and the findings were essentially the same as those
with such schools included. That is, black children
(54% of the reduced sample, n  166) had higher
MVPA and VPA levels than did white children, and
the preschools accounted for the largest proportion
of the variance.
CONCLUSIONS
Accelerometry was used to measure the physical
activity levels of children attending preschools. It
was found that, on average, children participated in
7 minutes of MVPA per hour of attendance at the
preschool. Physical activity levels were significantly
higher for boys than for girls, and black children
were more active than white children. Activity levels
of children were highly variable among schools, with
averages ranging from 4.4 to 10.2 minutes of MVPA
per hour among the 9 schools in which children were
observed. The preschool that each child attended
accounted for a sizeable fraction of the variance in
child physical activity, which suggests that policies
and practices of preschools have an important influ-
ence on the overall activity levels of the children the
schools serve. Future research should examine the
impact of specific school policies and practices on
physical activity levels of preschool students, and
subsequent policy intervention studies should test
the effectiveness of specific preschool policies on
physical activity and weight status among young
children.
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ATTENTION ALL ADOLESCENT BOYS
“The medical profession has subscribed to many passing fashions: from appen-
dectomy, autointoxication, and pink disease to ptosis, bizarre surgical technolo-
gies, thalidomide, and the ills of masturbation. Incidentally, . . . the latter fashion
has gone the full circle; a recent epidemiological triumph suggests that frequent
masturbation in adolescence protects old gentlemen from prostate cancer (now
they tell us).”
Weatherall D, review of Dally A. The Trouble With Doctors. London, United Kingdom: Robson; 2003
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